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ILLINOIS ENGINEERING EXPERIMENT STATION 


I. INTRODUCTION 
1. Purpose of Tests 


The tests were made for the purpose of comparing boiler 
performance when operating with two types of furnace roofs. 
2. Two Types of Furnace Roofs 

The essential difference between the two furnace roofs em- 
ployed consisted in the fact that in one case the tubes of the lower 
row were completely surrounded by the tile which formed the roof 
of the furnace, while in the other case the roof tile rested upon 
the tubes of the lower row, leaving the lower half of the tubes 
directly exposed to the flames and hot gases arising from the fire 
bed. This difference and the construction of the two types of 
roof are shown in Fig. 1, 2, and 8. 
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Fic. 1 CRoss-SECTION SHOWING CONSTRUCTION OF 
FURNACE ROOF AS MADE FROM C TILE ‘ 
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Fig. 1 shows in cross-section the roof in which the tile used 
completely encircled the tubes and prevented the flames and hot 
gases from coming in direct contact with the water-heating sur- 
face until they had traveled to the rear end of the furnace roof. 
This type of roof has been designated as the C tile roof. 

Fig. 2 shows in cross-section the roof in which the roof tile 
rested upon the tubes, covering their upper surface only, leaving 
the lower surface of the tubes to be acted upon directly by the 
flames and hot gases arising from the fire-bed. This type of roof 
has been designated as the 7 tile roof. Strictly speaking, this 
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Fic. 2 CROSS-SECTION SHOWING CONSTRUCLION OF 
FurRNACE Roor AS MADE FROM 7’ TILE 
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meant a roof which presents to the fire a surface composed entirely 
of tile. 


Fig. 3 is a longitudinal section showing the general arrange- 
ment of furnace and boiler. This shows the C tile roof in 
position. For the tests with the 7 tile, no changes were made 
except to remove the @ tile, as shown in Fig. 3, replacing them 
with T tile. The first two rows of tile, crosswise of the boiler, and 
immediately back of the front water-leg consisted of 7 tile dur- 
ing all of the tests, as shown in the longitudinal section with the 
C tile roof in place, Fig. 3. These two rows of T7 tile facilitated 
the cleaning and inspection of the front end of the tubes. 
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Vie. 3 LONGITUDINAL SECTION SHOWING ARRANGEMENT OF 


BOILER AND FURNACE 
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Il. SumMMARY AND CONCLUSIONS 


(1) Hight tests were made upon two types of roofs, four with 
each type. 

(2) The minimum capacity developed for any one test was 
102 per cent of rated capacity, and the maximum, 106 per cent 
of rated capacity. 

(3) For the tests with the C tile roof, the boiler efficiencies 
varied from 64.4 per cent to 66.3 per cent with an average of 65.6 per 
cent. For the 7 tile roof tests the efficiencies varied from 67.5 
per cent to 69.4 per cent with an average of 68.6 per cent. This 
shows a gain of 8 per cent in the boiler efficiency in favor of the 
T tile roof. 

(4) The gain in water evaporated per pound of combustible 
is 5 per cent more when using the JT tile than when using the C 
tile. 

(5) The temperatures in the furnace and combustion chamber 
are from 200° to 400° F. less when using 7 tile than when using 
C tile. This condition should make radiation losses less 
when the roof is made of 7 tile. Maintenance of furnace, boiler 
and setting should be easier and less expensive with the Z tile 
due to the lower temperatures. Lower flue gas temperatures are 
obtained when using 7 tile and are particularly of advantage 
when using induced draft apparatus. 

The tests were not of sufficient length or at sufficiently high 
capacities to furnish data relative to the total life of such furnace 
roofs or to their relative effect upon boiler maintenance in many 
particulars. It is not uncommonly believed that with uncovered 
tubes, as with the 7 tile roof, at high capacities, there is much 
greater danger of injuring the tubes than with tubes covered, as 
with the C tile roof, and, consequently, greater difficulty in re- 
gard to boiler maintenance. 

(6) Uniform and satisfactory fire conditions were more easily 
maintained during the tests with the 7 tile roof than with the 
C tile roof. It is possible that this condition may have been 
due entirely to other conditions than the difference in roofs. 

(7) No smoke was made with the C tile roof and only 
smoke of a comparatively unobjectionable color when using the 
T tile roof. These results were at approximately 100 per cent of 
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rated capacity. It is probable that the C tile roof could have 
been pushed to considerably higher capacities than the 7 tile 
roof without producing objectionable smoke. 

(8) The C tile roof is superior to the 7 tile roof in the 
matter of smokelessness while the 7 tile roof is superior as re- 
_ gards simplicity, maintenance and efficiency. 


1Hh,  leMoiaste, 


The coal as received was 14-inch screenings mined near 
Danville, Vermilion county, Illinois. In order to make it 
easier to maintain uniform conditions and to operate easily at 100 
per cent rated capacity, or higher if desired, this coal, as it was 
shoveled from the car, was run over a4-inch screen. In this way 
a large part of the very small coal was removed. The portion of 
the original coal which would pass through a 4-inch screen aver- 
aged about 88 per cent and approximately this per cent of the 
coal was removed by screening as described above. On account 
of the coal being wetter in the cars during inclement weather 
than at other times, the screening process did not give entirely 
uniform results. As between the two series of tests, however, 
there was believed to be no appreciable difference in this respect 
at the time of conducting the tests. 

Proximate chemical analyses of the coal used on each test 
with the calorific value will be found in Table 5, pp. 17, 18. 
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IV. EQUIPMENT 


The tests were made upon a 210 horse-power water-tube 
boiler set over a chain grate stoker as shown in Fig. 3. This is 
the Engineering Experiment Station experimental fuel testing 
boiler and is similar to the boiler used at the U. S. G. S. testing 
plant at St. Louis, Missouri, and at Norfolk, Virginia. A num- 
ber of the principal dimensions, not upon Fig. 3, are given in 
Table 1. 


TABLE 1 
DIMENSIONS OF ENGINEERING EXPERIMENT STATION 
Fur. TESTING BOILER 


i<ind of boiler. “12. ........210'H; Py Heinewwater-tube 
TAM OR tURNACe. 220%. «teen lan hes ee toareen Chain erate 
WAIN OL OVALE... ccroc-c fas0ane wees Le ot hos a ADCHES- 4 
Weonethno moratoria eee eat Mls oe OD 
Grate surface. See oe eae ee LIS Un Lust mo oeeo 
bee op Chines 4 oe on ea 8.7 
Height of chimney above Pare Wee cei teet 45.5 
IGE Olecleal busag Peele aetok Taal ian siasq he vs ene Induced 
Winter acavine sSULLACE 00; 1c. ae case uinss os ee se SOs be: CUT 
EN Te OR DUOCS ey oes acne) eu Sis wis ns Ciel ha oe 116 
Diameter of tubes, Suiside. Se Ade -inches 8.5 


Ratio of water heating res 6 er ne ouiries’ 538.1 to 1 

Fig. 4, from a photograph, gives a view of the front of the 
boiler and of the induced draft apparatus, also the water weigh- 
ing tanks, ash and coal cars, hoist and scales. ‘The plant was 
especially designed for test purposes and is equipped with all 
apparatus ordinarily employed in such work. Descriptions ofthis 
plant have appeared in the bulletins of the Engineering Hxperi- 


. . . . % 
ment Station in connection with work already reported. 
*University of Illinois Engineering Experiment Station Bulletins No. 15; No. 36. 
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V. METHODS OF CONDUCTING THE TESTS 


In general the methods as indicated by the A. S. M. EB. code 
for conducting boiler trials were used. 

(1) Preparation.—Before each series of tests, the boiler was 
washed out and the upper baffle of U tile thoroughly cleaned 
off. Before the tests with the @ tile roof, the soot and ashes 
were removed from the upper side of the roof as thoroughly as 
possible by using the blower repeatedly from both ends of the 
boiler. The 7 tile roof was practically clean at the beginning 
of the tests, having been in use only about 24 hours previous to 
the first test. The boiler was blown down and the tubes blown 
off each night before the test of the following day. Fires were 
built up from the banked fire several hours before the beginning 
of a test, so that at the start operating conditions were uniform, 
and the boiler developing approximately its rated capacity. 

(2) Method of Starting and Stopping.—The alternate method 
of stopping and starting the tests was used. 

(3) Firing.—The coal fired was weighed out in lots of 500 lb. 
and record made both of the time consumed in burning each 500 
lb. lot and of the amount of coal consumed during each hour of 
the test. 

The opening between the grate and the lower edge of the 
gate measured 52 inches, for all tests, and the fuel bed thus ad- 
mitted has been called 5 inches thick. 

(4) Feed Water.—The amount of water fed to the boiler was 
determined by measuring tanks. The measuring tanks were set 
upon scales and measured weights were frequently checked by 
weighing. 

(5) Quality of Steam.—The quality of the steam was deter- 
mined with a throttling calorimeter. 

(6) Smoke Records.—Smoke comparisons were made by means 
of the Ringlemann scale, No. 1, 2, 3, 4 and 5 representing respec- 
tively 20, 40, 60, 80 and 100 per cent of black smoke. 

(7) Flue Gas Samples.—Flue gas samples were analyzed each 
hour, an average sample being collected over that interval of 
time. The sampling apparatus consisted of six 4-in. sampling 
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tubes distributed across the uptake. Samples were drawn from 
a junction box to which all of the sampling tubes were connected. 
Analyses were made with the Orsat apparatus. 

(8) Flue Temperatures.—The flue temperatures recorded were 
talken at the center of the uptake at the same section from which 
the flue gas samples were drawn. 

(9) Water-back.—The amount of water used by the water-back 
was measured by means of a meter which had been calibrated and 
found reliable over the range at which it worked. 

(10) Temperatures, Pressures and Drafts—Temperatures, pres- 
sures and drafts were recorded in the usual manner either with 
direct reading or recording instruments. Observations were in 
general taken every 20 minutes, although some observations were 
made at longer or shorter intervals, as seemed desirable in partic- 
ular cases. 

(11) Furnace and Combustion Chamber Temperatures.—Furnace 
and combustion chamber temperatures were taken at four places. 
These observations were taken hourly for all tests and during some 
tests at 20-minute intervals. Thermo-electric couples were em- 
ployed which were capable of registering temperatures to about 
2400° F. to 2500° F. before breaking down. Four such couples 
were used, two of which broke down during the tests, due to exposure 
to excessive temperatures. With four couples in service the four 
observations were taken consecutively during an interval of time 
amounting to one minute or less. When only two couples were 
in service they had to be transferred,and the time required to 
obtain the four observations amounted to several minutes. The 
couples used were compared with each other and with other 
pyrometers, although complete and satisfactory calibrations were 
not made. As compared with each other, the couples were quite 
uniform; while as compared with other pyrometers, the variation 
was from 0° to 50° F. All of the furnace and combustion cham- 
ber temperatures given are the same as those recorded, no cor- 
rections having been applied. They can be used for purposes of 
comparison as between different tests or series of tests or between 
temperatures at different parts of the setting. It is believed that 
most of the temperatures as recorded are correct within a vari- 
ation of 50° F., that is, within either 25° above or below the 
recorded observation. 
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Vi. DIscussion 


(1) Uniformity of Conditions.—Throughout all tests an effort 
was made to maintain conditions uniform except as such condi- 
tions might be affected by the two kinds of tile roof being used. 

In two important items, draft and the amount of unburned 
fuel carried away in the refuse, there was some difference as be- 
tween different tests. 

The average draft in the uptake was 0.29 in. of water for the 
first test with the C tile, 0.43 in. of water for the second test 
and 0.85 in. for the other two tests. The lowest average draft 
for any test with the 7 tile was 0.31 in. of water, the highest 
0.86 in., and 0.35 in. was the average draft for each of the other 
two tests. 

The unburned fuel carried away in the ash and refuse was 
higher in the tests with the C tile than in those with the 7 
tile. For the tests with the C tile the per cent of carbon in the 
ash and refuse varied from 30 per cent to 21 per cent, while for 
the tests with the 7 tile the corresponding figures were 22 per 
centand 11 per cent. The better fire-bed conditions, indicated by 
the lower percentage of carbon in the ash for the second series of 
tests may have been due in part to better screened coal during 
the later tests, and to the fact that the men handling the boilers 
were becoming better accustomed to the work. Before any of 
the tests which have been reported were made, however, two pre- 
liminary tests of 10 hours each were run upon the two days pre- 
ceding the first test reported. Throughout the tests no particu- 
lar difficulty was experienced in maintaining apparently uniform 
conditions and operating at thecapacity determined. The matter 
of coal screening is considered in the paragraph concerning fuel. 

(2) Evaporation and Eficiency.—Table 2 presents results as 
to evaporative performance and efficiency. The equivalent evap- 
oration per pound of combustible varies from 9.57 lb. to 9.88 lb. 
of water with the (tile roof in use and from 10.12 to 10.84 lb. of 
water with the 7 tile roof in use. The average for the C tile 
roof test is 9.76 lb. and for the tests with the 7 tile, 10.24 lb., 
an increase of 5 per cent for the 7 tile roof over the C tile roof. 
The boiler and furnace efficiency (not including the grate) shows 
an average efficiency of 65.6 per cent for the C tile tests and 
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68.6 per cent for the 7 tile tests, an increase of 3 per cent in 
the boiler efficiency. Corresponding figures based upon equivalent 
evaporation per pound of dry coal fired and upon plant efficiency, 
which include the action of the grate, show the results to have 
been about 8 per cent better in the case ofthe. 7 tile tests than in 
the case of the C tile tests. 


TABLE 2 
EVAPORATIVE PERFORMANCE AND HFFICIENCY 
COMPARISON BETWEEN CU AND T' TILE-RoOoFr TESTS 


Equivalent EBs aes from and at Enctoney 
pounds per cent 
Test No Per Pound of Per Pound of Boiler Boiler, Furnace 
chs Combustible Dry Coal and Furnace and Grate 
C T 0 [We T C Tt 
1 9.88 10.23 7.48 8.07 $6.3 68.6 60.5 65.4 
2 9.57 10.34 7.56 8.37 64.4 69.4 61.5 67.5 
3 9.78 10.12 7.82 8.37 65.9 67.5 62.0 66.1 
4 9.80 10.26 7.63 8.31 65.8 68.8 61.9 67.3 
Average 9.76 10.24 7.62 8.28 65.6 68.6 61.5 66.6 


(3) Combustible Consumed.—Item 30, ‘‘total combustible con- 
sumed,” was calculated by subtracting from the total dry coal 
fired, the ash as determined by chemical analysis and the com- 
bustible carried away in the refuse. In all calculated items in 
which combustible enters as a factor, this value has been used. 
Boiler efficiency values in particular are affected by the method 
in which the total combustible is computed. 

(4) Water-back.—The amount of heat taken up by the water- 
back has not been considered in calculating the results. If all 
of the heat taken up by the water-back were assumed to have 
been returned to the boiler in the feed water without affecting 
conditions otherwise, the efficiencies so calculated would have been 
considerably higher. Table 8 gives a comparison of the efficien- 
cies as calculated, and those calculated on the assumption that 
the heat taken up by the water-back was utilized by the boiler. 
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Had the assumption been made that a portion only of the heat 
taken up by the water-back should be credited to the boiler, the 
values for efficiency would have been found somewhere between 
the values given. 


TABLE 3 


COMPARISONS CONCERNING EVAPORATIVE PERFORMANCE AND EFFICIENCY 
WHEN CREDITING THE BOILER WITH ALL OF THE HEAT TAKEN 
Up BY THE WATER-BACK 


Equivalent Evaporation from | Efficiency of Boiler and Furnace 
and at 212° F. per pound of (not including grate) 
Combustible, pounds per cent 
Test 
No. 
No Credit Given| Crediting All |No Credit Given| Crediting All 
Boiler for Heat/Heat Taken Up|Boiler for Heat} Heat Taken Up 
Taken up by by Water-back Taken pby | by Water-back 
Water-back to Boiler Water-back to Boiler 
1 9.88 10.16 66.3 68.2 
. & 2 9.57 9.89 64.4 66.5 
Tile Roof 3 9.78 10.07 65.9 67.9 
4 9.80 10.08 65.8 67.7 
Aver. 9.76 10.05 65.6 67.6 
1 10.28 10.45 68.6 70.1 
Te 2 10.34 10.52 69.4 70.6 
Tile Roof 3 10.12 SOG) 67.5 68.9 
4 10.26 10.50 68.8 70.5 
Aver. 10.24 10.45 68.6 70.0 


(5) CO, in Flue Gases.—The average CO, content for all tests 
with the C tile roof was 6.8 per cent and for the tests with the 
T tile roof 7.5 per cent. CO was either not found in the flue 
gas or found only in small amounts. The lower CO, content for 
the C tile roof tests may have been due to poorer fire-bed con- 
ditions or to greater leakage of air through the setting during 
those tests. 

(6) Smoke.—Except for the first test with the C tile roof, 
during which regular observations were not made, smoke obser- 
vations were made at 10-minute intervals except as darkness pre- 
vented. Irregular observations for the first test gave ‘“No smoke” 
for that test. 

During the three tests upon which smoke observations were 
made with the C tile roof, 161 observations were recorded. 
One ot these recorded smoke No. 1; 7 recorded smoke No. 4; and 
153, no smoke. This is considered as smokeless operation. 
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During the four tests with the 7 tile roof, 233 observations 
were recorded. Oneobservation of No. 2smoke was made, which 
was the maximum recorded. As shown in Table 5, page 19, the 
average smoke recorded varied from 9 per cent to 17 per cent for 
the four tests. These percentages correspond approximately to 
No. $ and No. 1 smoke by the Ringlemann scale. 

The operation with the C tile roof was smokeless and 
higher capacities could doubtless have been obtained without 
trouble from this source. With the 7 tile roof, the operation 
as to smokelessness was quite satisfactory, no smoke of a black- 
ness greater than No. 2 being recorded, and the average for all 
tests being wellunder No.1. It was evident that had higher capa- 
cities been demanded, trouble with black smoke might have resulted. 

(7) Furnace, Combustion Chamber, Flue Temperatures.—Table 
4 presents the average temperatures as observed at four points 
in the combustion space and in the flue for each test, also aver- 
ages for the four tests made with each type of roof. 

It will be noted that the temperatures are uniformly lower 
for the 7 tile roof than for the C tile roof, the greatest aver- 
age difference being 371° at a point in the combustion chamber. 

Fig. 5 indicates the location of the openings for the insertion 
of the thermo-couples and the flue gas pyrometer. The couples 
extended in all cases about 14 in. into the furnace, measuring 
from the inside of the setting. 


TABLE 4 
TEMPERATURES IN FURNACE, COMBUSTION CHAMBER AND FLUE 
Temperatures—Degrees 
Pyrometer Pyrometer 
Pyrometer Baomeves No. 3 ee Pyrometer 
aoe ee 0. 2 Forward Part | Rear Part of No. 5 
ESUENO: Tueiinace ae 1 | of Combustion | Combustion In Uptake 
A ROEASE ANTE Chamber Chamber 
C fu C 1k C T C aE C wh 
\ 
1 2052 1893 2177 1873 2023 1636 1677 1409 549 496 
2 2086 1870 2061 1830 1861 1625 1534 1418 565 484 
3 2073 1869 2202 1845 2063 1530 1721 1325 563 458 
4 2053 1902 2164 1855 1923 1595 1636 1384 556 432 
Average 2066 1883 2151 1851 1968 1597 1642 1384 558 | = (468 
Difference 183 300 371 258 90 
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In Fig. 6, there have been plotted the average values for all 
observations taken at the different points for each series of tests. 
The abscissze represent approximately the distances of the points 
of observation from the front of the furnace. 

The highest temperature recorded was 2450° F. One thermo- 
couple was melted down and destroyed shortly after an observa- 
tion of 2350° had been made from it. The breaking down tem- 
perature was not noted. All temperature observations were made 
at regular intervals. The fire at the time of making the 2450° 
observation and at the time of destroying the couple above re- 
ferred to was apparently as hot as at any other time during the 
tests. During the C tile-roof tests, the furnace seemed’ to 
reach these temperatures a number of times. During the 7 
tile-roof tests the temperatures were at all times considerably 
lower, the maximum temperature recorded being 2000° F. 
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VII. 


DATA AND RESULTS 


Table 5 gives the principal data and results for the eight tests. 


Fig. 7 presents a graphical log for one of the tests with C tile 
roof and Fig. 8 a similar log for one of the tests with the 


T tile. 
TABLE 5 DATA anp RESULTS 
Comparative Tests with C and T Tile-Roof Furnaces 
° 
at 
wie C Tile-Roof Tests TY Tile-Ruof Tests 
<5 
Test Number 1 2 3 4 1 20) ies 4 
; Dec. 24,|Dec. 29,|Dec. 30,/Dec. 31,|Jan. 11,|Jan. 12,|Jan. 13,|Jan. 14, 
: a 1908 | 1908 | 1908 | 1908 |) 1909 | 1909 | 1909. | 1909 
2 Ee ene ee 10 10 10 10 10 10 10 10 
AVERAGE PRESSURES 
11 Steam pressure by 
gauge, lbs. per sq. 
AT ahercscene meee oh eteete 139 138 142 | 141 139 141 141 | 141 
12 Force of draft between 
damper and boiler, 
inches of water...... .29 43 .3D .oD .B5 31 .35 .36 
13 Force of draft in fur- 
nace, inches of 
IWS DOT araiels, sie eincterae ciate .170 .165 179 . 160 -145 124 116 180 
AY. TEMPERATURES 
15 Of external air, de- 
LCOS arccniee cokes cele 46 44 42 22 12 We 22 35 
16 Of fireroom, degrees... 68 70 66 65 64 71 4 79 
20 Of feed water entering 
boiler, degrees...... 56 57 by 56 55 5b 55 55 
21 Of escaping gases 
from boiler, degrees 549 565 563 556 496 484 458 432 
FUEL | 
25 Weight of coal as fired, 
WD inelsers owletslacieaisie icine 11149 11000 11102 11092 10882 10340 10058 10438 
26 Percentage of mois- 
tureincoal,percent | 11.27 11.00 12.15 12.84 12.78 Tee 12.60 12.25 
27 Total weight of dry 
coal consumed, lb... 9893 9790 9755 9668 9491 8025 8791 9159 
28 Total ash and refuse, 
1 CAP crete econ paeare 2313 1721 1853 1860 1654 1376 | 1346 1374 
380 Total combustible con- 
SUMED, MD ceiese'* wre .clere 7489 137 7802 1532 7490 7299 7270 T4N7 
31 Percentage of ash and 
refuse in dry coal, 
POL CEDGs. ene .cecmce 23.38 17.58 19.00 19.24 17.43 15.25 15.31 15.00 
PROXIMATE ANALYSIS 
OF COAL AS FIRED 
32 Fixed Carbon, percent | 35.66 36.85 37.06 36.53 85.30 36.09 37.02 3d).17) 
33 Volatile matter, per 
COGAN ees ron ero Ene OO 7.91 36.83 37.71 3b. 62 36.83 86.55 36.73 37.52 
340 Moisture. per cent.....| 11.27 11.00 | 12.13 12.84 12578 | 12.72) 12560 12.25 
35 ASH, PCriCeNte. owe ss0: 15.16 15.32 13.10 15.01 15.09 14.64 13.65 15.06 
36 Sulphur, separately 
determined, per cent 3.51 5.24 4.03 4.10 4.14 4,29 3.79 4.72 
43 Moisture in air dry 
sample, per cent.... 3.66 4.81 3.91 4.38 4.89 5.29 6.27 5.80 
ANALYSIS OF ASH AND 
REFUSE 
44 Carbon, per cent....... 30.81 21.31 26.92 | 25.31 aed! 15.45 10.96; 12.39 
45 Earthy matter, per 
COL beraetteere steals meric 69.19 78.69 73.08 74.69 78.29 84.55 89.04 87.61 
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TABLE5 DatvTAa AND RESULTS 


Comparative Tests with C and 7’ Tile-Roof Furnaces 


A.S.M.E. 
Code No. 


C 


Tile-Roof Tests 


T Tile-Roof Tests 


46 
48 


62 


63 


64 


65 


66 
67 


FUEL PER HOUR 
Dry coal consumed per 
Lie Omeeeerct sores 
Dry coal per square foot 
of grate surface per 
Hour, UD Sneek eae 
CALORIFIC VALUE OF 
FUEL 
Calorific value by oxy- 
gen calorimeter, per 
lb. of dry coal, B.t.u 
Caloritic value by oxy- 
gen calorimeter per 
lb of combustible, B.t.u 
QUALITY OF STEAM 
Percentage of moisture 
in steam, per cent.. 
WATER 
Total weight of water | 
fed to boiler, lb...... 
Equivalent water fed | 
to boiler from and 
BG OOS s Mv ae cen eine 
Water evaporated, 
corrected for qual- 
ity of steam, lb...... 
Factor of evaporation.. 
Equivaien' water 
evaporated into 
dry steam from and | 


at 212° (Item 59 xX | 


THe) F5u(10) ae Neronc. oboe 
WATER PER HOUR 
Water evaporated per 

hour, corrected for 
ree of steam, 
Equivalent evapora- 
tion per hour from 
and at 212°, lb, ...... 
Equivalent evapora- 
tion per hour from 
and at 212° per 
square foot of wa- 
jor nenbing surface. 
HORSE-POWER 
Horse-power develop- 
ed. (34% lbs. of 
water evaporated | 
per hour into dry 
steam from and at 
212°, equals one 
horse-power), H.P.. 
Builders rated horse- 
Dower! PSG cnce 
Percentage of build- 
ers’ rated horse- 
power developed. 
DOM CEN. seein 


61175 
. 20930) 


73979 


6117.5 


7397.9 


3.65! 


102 


61759 
74610 


61277, 
1.20808 


| 
74028) 


76319 


6314.1 


7631.9 


105 


25.31 


102 


24.85 


11911 


14403 


1.06 


63772 


77185 


63275 


1.21032 


76583 


106 


, 902.5 


62882) 


76125 


62366 
1.21060 


6236 .6 


7550.0 


3.72 


104 


12223 


14485 


1.18 


61279 


74190 


60746 


1.21070 


73545 


6074.6 


7354.5 


3.63 


213.2 
210 


23.98 


} 
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1.21060 


76079 


6284.4 


7607.9 


220.5 
210 
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Comparative Tests with C and 7' Tile-Roof Furnaces 
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A.S.M.E. 
Code No. 
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ECONOMIC RESULTS 

Water apparently 
evaporated under 
actual conditions 
per pound of coal as 
fired. (Item 57 + 


Equivalent evapora- 
tion from and at 
212° per pound of 
coalas fired. (Item 
61 = Item 25), lb.... 

Equivalent evapora- 
tion from ana at 
212° per pound of 
dry coal. (Item 61 
= Item 27), Ib....... 

Equivalent evapora- 
tion from and at 
212° per pound of 


combustible. (Item | 


61 + Item 30), lb.... 
EFFICIENCY 
Efficiency of the boil- 
er; heat absorbed 
by the boiler per lb. 
of combustible div- 
ided by the heat val- | 
ue of one Ib. of com- 
bustible, per cent... 
Efficiency of boiler, | 
including the grace; | 
heat absorbed by 
the boiler, per lb. 
of dry coal, divided 
by the heat value 
of one lb. of dry 
coal, per cent........ 
Cost OF EVAPORA- 
TION 
Cost of fuel used for 
evaporating 1.000 
lbs. of water from 
and at 212°. with 
coal at $1.00 per ton 
Oi POCO Oy Becca ane 
SMOKE OBSERVATIONS 
Percentage of smoke 
as observed, per 


ANALYSIS OF THE DRY 
GASES 

Carbon dioxide (CO2), 
Per cent... o.ceewrs 

Oxygen (O), per cent.. 

Carbon monoxide 
(CO), percent....... 

Nitrogen (by differ- 
ence) (N), percent.. 


5.53 


6.64 


7.48 


9.88 


66.28 


60.51 


0753 


7.5 
11.7 


0.1 
80.7 


5.61 


64.38 


61.46 


0743 


80.0 


65. 


61.97 


0728 


7.7 | 
11.6 
0.0 


80.7 


6.65 


9.80 


65.79 


61.92 


0752 


7.0 | 


12.8 
0.0 
80.2 


6.08 


7.04 7.30 7.41 


10.23 | 10.34} 10.12 


68.56 | 69.45 | 67.45 


67.49 | 66.10 


-0710 -0685 0675 


Hag 7 
Ble 11 


0.0 0. 


80.2 80.6 


6.07 


10.26 


68.83 


67.28 


0686 
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‘. 
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0.0 
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